Objective: Childhood obesity is a health issue in the United States, associated with marketing practices in which media characters are often used to sell unhealthy products. This study examined exposure to a socially contingent touch-screen gaming app, which replied immediately, reliably, and accurately to children's actions. Children's recall of nutritional content and their liking of the character were assessed. Materials and Methods: Four-and five-year-old children (N = 114) received no-exposure, single-exposure, or repeated-exposure to a character-based iPad app rewarding healthy and penalizing unhealthy behaviors. Children reported how much they liked the character and recalled healthy and unhealthy items from the app. An ordinary least squares regression was conducted on how much children liked the character by condition. Poisson regressions were conducted on the number of items recalled by condition alone, and in an interacted model of treatment condition by liking the character. Results: Children liked the character more in the repeated app-exposure condition than in the control group (P = 0.018). Children in the repeated and single app-exposure conditions recalled more healthy (P < 0.001) and unhealthy (P < 0.001) items than the control group. Within treatment conditions, liking the character increased recall of healthy items in the single app-exposure compared to the repeated app-exposure condition (P = 0.005). Conclusions: Results revealed that repeated exposure increased children's learning of nutritional information and liking of the character. The results contribute to our understanding of how to deliver effective nutrition information to young children in a new venue, a gaming app.
Introduction
C hildhood obesity is a serious health issue in the United States, affecting *17% of children, which has persisted despite clinical and public health interventions. 1 An Institute of Medicine review found an association between childhood obesity and child-targeted marketing practices, which include media characters that market unhealthy foods and beverages to children. 2 Media characters in the 21st century do not simply sell unhealthy products like sugary cereals 3 on traditional media platforms like television. The lines between advertisement and content have become increasingly blurred as products are placed within digital games alongside popular media characters. 4 With the rise of daily mobile device usage for children, 5 it is important to understand how learning occurs in this digital setting. 5 Our purpose was to examine (1) whether liking a character develops through app-play, and (2) how a liked character within a socially contingent touch-screen gaming app influences recall of nutritional information.
Children's liking of characters influences cognitions and behaviors, 6 and is considered a major component of viewer reactions toward characters. 7 For adults, liking a media character is associated with perceiving the character as a role model 8 and increased efforts to imitate the character. 9 Similarly, adults are more involved with characters that they like versus dislike, which includes motivations to imitate behaviors that characters are rewarded for. 10 Children are more likely to select the same snack, healthy or unhealthy,
Children's Digital Media Center, Georgetown University, Washington, District of Columbia. that a popular character holds 11 or consumes. 12 Liking characters may be one reason why children are more likely to focus their attention on, 13 and select products, 14 associated with popular media characters; this potentially could lead to increased learning when the characters are contingently rewarded or punished.
Serious games for health can influence players' healthrelated behaviors when they experience interactivity, or cause-and-effect relationships based on their actions. 15 Apps on touch-screen devices consistently and accurately respond to an individual's touch of a specific location on the screen, allowing interactivity on command. A game-based app featuring a character responds in a socially contingent manner, since a media character embedded within the app responds to a child's actions immediately, reliably, and accurately. 16 The response may be in the form of rewards and punishments. For example, 9-and 10-year-olds were more likely to select and consume foods and beverages, healthy or unhealthy, if their Pac-Man character had been contingently rewarded or punished for snack selections when playing a Pac-Man videogame. 12 Digital games and apps allow children repeated access to these socially contingent interactions with media characters, delivering age and content appropriate information from essentially anywhere.
Repeated exposure leads to the mere exposure effect, in which individuals increase their liking and preference for things they are familiar with, 4, 17, 18 in our case, a media character in an app. Repeated exposure to messages also improves learning, which is particularly important for children under age eight who have limited cognitive resources to process messages, 4 including those that market products to them. For example, children were more likely to remember a product when they viewed a commercial repeatedly, 4 and young adults recalled more information from a television program when they were frequent viewers of the series. 19 The current study examined (1) how liking a media character in an app develops, and (2) if young children's recall of nutritional information is influenced by the amount of exposure to the app, particularly if they like the character. Two treatment conditions were exposed to an iPad app featuring a character for either 5 days or a single 31-minute play session. A control group was not exposed to the app. We measured how much children liked the character and their free recall of nutritional information in the app. We hypothesized the following:
(1) children in the repeated app-exposure condition will like the character more than children in the single app-exposure or no exposure conditions; (2) children in the repeated app-exposure condition will recall more healthy and unhealthy foods and beverages from the app than the single app-exposure and no app-exposure control groups, and those in the single app-exposure condition will recall more items than the control group; (3) within the treatment conditions, the more children like the character, the more healthy and unhealthy foods and beverages from the app they will recall.
Materials and Methods

Participants
One-hundred fourteen 4-and 5-year-old children (M years = 4.99, SD = 0.64; 50% girls) were recruited via email from a lab-managed database of children in a large metropolitan area. The university IRB approved the study protocol. Parents provided written consent and demographic information, while children verbally assented to participate in the study.
D.W.'sÔ Unicorn Adventure App
The goal of the app was to help D.W., the preschool-aged younger sister of the main character in the educational PBS cartoon Arthur, navigate 12 levels of increasing difficulty to help a lost unicorn return home (Fig. 1 ). To fuel their appadventure, children helped D.W. ''eat'' 12 energy-packed fruit and vegetable snacks and avoid six energy-zapping junk snacks. The app contingently rewarded children with points when children helped D.W. eat healthy items and subtracted points when children had D.W. consume unhealthy ones. Single-and double-tapping gestures were required to navigate the game, which was played on an iPad 2 with a 9.5 † by 7.31 † screen.
Experimental procedure
Within sex, children were randomly assigned to one of three conditions: repeated app-exposure, single app-exposure, or a no app-exposure control group. Trained experimenters conducted the study at participants' homes. Children in the repeated app-exposure condition received an iPad with access to only D.W.'s Unicorn Adventure to play for 5 days as much as they desired. Parents were contacted daily and asked whether their child played the app that day.
On day 5, children in the repeated app-exposure condition played the app for a maximum of 31 minutes and then answered measures presented by experimenters. Children in the single app-exposure condition were visited once by experimenters, played the app for up to 31 minutes, and then answered measures. Children in the no app-exposure control group were visited once by experimenters, and only answered measures. All final sessions were videotaped to measure and report gameplay time.
Measures
To assess children's liking of the character, children were first shown an 8.5 † by 11 † picture of D.W. and asked, ''How much do you like D.W.Ô?'' The experimenter pointed at a 5-point smiley face Likert scale and labeled the faces as ''not at all,'' ''a little,'' ''kind of,'' ''a lot,'' and ''a whole lot.'' Children selected an answer by pointing to a smiley face, saying their reply, or a combination of the two responses. This procedure was adapted from previous studies with adults. [8] [9] [10] Children's free recall of healthy and unhealthy items from the app was assessed using procedures adapted from previous studies 20 in which children recalled information from a movie 18 or a computer screen. 21, 22 In the current study, children were asked: ''What foods are healthy for D.W.Ô and give her energy?'' ''What foods are unhealthy for D.W.Ô and take her energy away?'' Children's responses were transcribed and coded to assess whether the healthy and unhealthy items recalled were present in the app. Children received one point for each healthy item recalled; these points were summed to make a total healthy item recall score (M = 2.18, SD = 2.03, range 0-9). The same method was used to calculate the number of unhealthy items recalled (M = 1.18, SD = 1.36, range 0-6). For reliability, two trained research assistants calculated the number of healthy and unhealthy items recalled for 20% of the sample (Cohen's Kappa for healthy items = 1.0; Cohen's Kappa for unhealthy items = 0.78).
Data analysis plan
To examine hypothesis 1, an ordinary least squares (OLS) regression was run to determine whether children in the repeated app-exposure condition reported liking the character more than the control or single app-exposure conditions. Because the number of healthy and unhealthy items recalled involved count variables, Poisson regression models, interpreted with incidence rate ratios, were selected to examine hypotheses 2 and 3. 23 For hypothesis 2, Poisson regressions were run to examine condition differences in the number of healthy and unhealthy items recalled, respectively. For hypothesis 3, Poisson regression analyses were run to examine differences in the number of healthy and unhealthy items recalled, respectively, for the single and repeated appexposure treatment conditions as a function of liking the character, centered at the mean value of 3.07. One model examined the individual contributions of treatment condition and liking the character. A second model included the interaction of treatment condition and liking the character. All results were evaluated with Bonferroni adjusted alpha levels.
Results
The sample (N = 114) was composed of Caucasian (64.0%), other or mixed-race (24.6%), African American (7.9%), Asian (2.6%), and Hispanic (0.9%) children. Parents' reported education levels of a high school diploma (0.9%), some college (3.5%), college degree (24.6%), and a postgraduate school/professional degree (71.1%). Ten additional children were excluded from the sample due to experimenter error (n = 2), refusal to play the app in treatment conditions (n = 6), or refusal to answer survey questions (n = 2). The excluded children did not differ significantly from the remaining sample by age, gender, ethnicity, parental education, or condition.
According to parents, all children in the repeated appexposure condition played the app over the course of 5 days (range of 2-5 days). The frequency of play was 100% on day 1, 75% on day 2, 83% on day 3, 78% on day 4, and 74% on day 5.
Children in the treatment conditions played the app on the test day for *11 minutes (M = 11.46, SD = 10.25 minutes; range = 0.52-31.38 minutes). The amount of time playing the app did not differ significantly by treatment condition.
An OLS regression revealed that liking D.W. differed significantly by condition, F(2, 111) = 3.07, P = 0.05, R 2 = 0.05. As predicted, children in the repeated app-exposure condition (M = 3.58, SD = 1.44) liked D.W. significantly more than the control group did (M = 2.73, SD = 1.58), t (111) = -2.47, P = 0.018, which met a Bonferroni adjusted alpha value of 0.025 for this model. Contrary to prediction, the repeated appexposure condition did not significantly differ from the single app-exposure condition (M = 2.95, SD = 1.62). Table 1 , which displays incidence rate ratio (IRR) results of a Poisson regression analysis for free recall of healthy items in the app, supports hypothesis 2. For children in the single appexposure condition group (M = 2.08, SD = 1.55), the incidence 
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rate ratio of the number of healthy items recalled increased significantly by a factor of 1.85 compared to the control group (M = 1.12, SD = 1.42), P = 0.001. The incidence rate ratio of free recall of an additional healthy food or beverage is significant at 3.09 times higher for children in the repeated-app exposure condition (M = 3.47, SD = 2.35) compared to the control group, P < 0.001. We also tested whether the incidence rate ratios of the single and repeated app-exposure conditions were equal to each other. For children in the single appexposure condition, the incidence rate ratio of the number of healthy items recalled decreased significantly by a factor of 0.51 compared to the repeated app-exposure condition, P < 0.001. The alpha values in these comparisons met Bonferroni corrected alpha values of 0.017. Table 1 , which displays the incidence rate ratios of a Poisson regression analysis for free recall of unhealthy items in the app, also supports hypothesis 2. For children in the single app-exposure condition (M = 1.11, SD = 1.07), the incidence rate ratio of the number of unhealthy items recalled increased significantly by a factor of 3.79 compared to the control group (M = 0.29, SD = 0.46), P < 0.001. The incidence rate ratio of free recall of an additional unhealthy food or beverage was significant at 7.69 times higher for children in the repeated-app exposure condition (M = 2.25, SD = 1.57) compared to the control group, P < 0.001. We also tested whether the incidence rate ratios of the single and repeated app-exposure conditions were equal to each other. For children in the single app-exposure condition, the incidence rate ratio of the number of unhealthy items recalled decreased significantly by a factor of 0.71 compared to the repeated app-exposure condition, P < 0.001. The alpha values in these comparisons met Bonferroni corrected alpha values of 0.017. Table 2 displays the incidence rate ratios of a hierarchical Poisson regression analysis for recall of healthy items in the app predicted by treatment condition and liking of D.W., and partially supported hypothesis 3. In model 1, results revealed that for children in the single app-exposure group, the incidence rate ratio for number of healthy items recalled decreased by a factor of 0.60 compared to the repeated exposure condition, controlling for liking D.W., P = 0.001. In model 2, the interaction of treatment condition and liking D.W. revealed that as liking D.W. increased above the mean in the single app-exposure condition, the incidence rate ratio for recall of healthy items increased by a factor of 1.30 compared to the repeated appexposure condition, P = 0.005. The incidence rate ratio of recalling healthy items in the single app-exposure condition decreased by a factor of 0.057 compared to the repeated appexposure condition, at children's average reported liking of D.W., P < 0.001. In other words, children recalled healthy items at a higher rate in the repeated app-exposure compared to the single app-exposure condition for children who liked the character an average amount. The results were robust to Bonferroni corrected alpha values of 0.017. Table 2 also displays the incidence rate ratios of a hierarchical Poisson regression analysis for recall of unhealthy items in the app predicted by treatment condition and liking D.W. In model 1, results revealed that for children in the single app-exposure condition, the incidence rate ratio for number of unhealthy items recalled decreased significantly by a factor of 0.49 compared to the repeated app-exposure condition, holding liking D.W. constant, P < 0.001, which was robust to a Bonferroni adjusted alpha value of 0.025. Contrary to hypothesis 3, the interaction of treatment condition and liking D.W. revealed no significant interactions or simple effects on the number of unhealthy items recalled.
Discussion
Children encounter media characters marketing foods and beverages through practices that increasingly blur the lines between fun game content and marketed messages. 4 Character-based marketing practices often sponsor products that are low in nutritional content 2 and can influence children's preferences and consumption of foods and beverages. 2 Little is known about young children's recall of nutritional information from a character-focused app, which contingently rewards healthy choices and penalizes unhealthy choices.
This study provides evidence to support the mere exposure effect 17, 18 for liking a character. Specifically, children reported liking the character more after exposure to an app over 5 days when compared to the no exposure control group. These data provide evidence that app play can increase children's liking of characters who deliver messages to them.
This study also contributes to the growing literature on the relationship between socially contingent interactions and learning in digital game settings. The social contingency afforded by a character in the touch-screen app, who was rewarded for healthy behavior and penalized for unhealthy behavior, led to increased recall of both healthy and unhealthy items with more exposure to the app. This finding is consistent with a socially contingent game influencing snack selection and consumption for older 9-and 10-year-old children. 12 Mobile apps and games providing contingent interactions are easily played repeatedly and on demand, and may complement more traditional educational opportunities for nutritional education. 24 The combination of liking the character and social contingency significantly improved recall of nutritional knowledge when children had only a single session of exposure to the app. For each point higher children liked D.W. in the single app-exposure group, their recall for healthy items increased by over 1 item. Even when exposure is limited to half an hour, then, liking a character can result in better recall of targeted nutritional content. This finding mirrors the adult literature, in which liking a character increased efforts to imitate a character and perceptions of a character as a role model. [8] [9] [10] This pattern was not supported in the repeated app-exposure condition, where liking the character more did not help children recall more items from the app. One explanation is that recall in the repeated app-exposure condition simply improved through repetition. Liking a character, though, may be a motivational gateway into playing an app in the future, thus providing repeated exposure to the nutritional information.
This study contributes to a body of research indicating that healthy games are effective tools from which children transfer information into their lives, 12, 25, 26 in this case through liking and socially contingent interactions with a character. Apps for health may be an effective, relatively low-cost venue for children's nutrition education when a likeable character is featured.
A limitation of this study is that children's memory was measured soon after their last exposure to the app. Future research could explore children's recall of nutritional information after a delay. Another limitation is that the parents in this sample were highly educated, which could make these results less generalizable to other populations. Future research could also assess whether children's nutritional knowledge would lead them to modify their behavior when selecting and consuming actual snacks, particularly for overweight children who are more likely to be attentionally biased toward food images. 27 In conclusion, young children recall nutritional information when it is presented by a likeable media character in an app that uses socially contingent rewards and punishments. Therefore, we recommend that apps be served with a side of media characters using social contingency to teach children nutritional lessons during the app play that pervades many children's daily experiences.
